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Outline

I *  Why should WMO be involved in Space Weather ?

« Is there any interest for WMO to engage in space weather?
« Is there interest for space weather to engage WMQO?

©~ WMO activities in space weather

© Observation, data exchange

*  Products and services

CGMS potential activities in space weather

Conclusions

)

Boulder, 8-11 April 2014 3 Weather:Climate - Water



World Meteorological Organization
In a nutshell

The specialized United Nations agency for meteorology (weather and
climate), operational hydrology and related geophysical sciences.

> protection of life and property

» poverty alleviation and economic growth
» sustainable use of natural resources

» environmental quality

WMO Members include 185 States + 6 territories _
represented by the Head of their Met Service '

|. g e : | ] :
WMO headquarters
Geneva, Switzerland

Boulder, 8-11 April 2014 4



WMO Global Observing Systems (1)

Global Observing System of the World Weather Watch
(WWW/GOS)

Space-based observing system (Serving
all WMO applications)

RBSN, RBCN (>10,000 stations, 1,000 upper_ Y
AMDAR (39754/day)
Ship & Marine obs (30417/day)
Surface-based remote sensing
Meso-scale networks

ECMWF Data Coverage (All obs DA) - AIRCRAFT
05/NOV/2009; 06 UTC
Total number of obs = 39754

ECMWF Data Coverage (All obs DA) - SYNOP/SHIP
19/APR/2010; 00 UTC
Total number of obs = 30417

® irmswce e @
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WMO Global Observing Systems (2)

Global Atmosphere Watch (GAW)
World Hydrological Cycle Observing

System (WHYCOS)

WMO Co-sponsored Observing System
GCQOS, GOOS, GTOS

Striving for integration of these

different systems

Argo Network, as of April 2005
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WMO Information System (WIS)

Information exchange — common procedures; real-time and non-real time
Information management — a few standard data formats; coordinated metadata and catalogues

World Radiation Centre International Organizations
(IAEA, CTBTO, UNEP, FAO.. ) 5 GAW World Data Centres

GCOS Data Centres
Global Run-off Data Centre

Regional Instrument
Centres

IRl and other climate
research institutes

Universities .
Commercial

Regional Service Providers

V

Satellite
Disseminatio

@@ Satellite

Two-Way System ®®
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Natural disasters 1980-2011.:
90% of the disasters are hydro-meteorological events

Number of natural catastrophes 1980-2011 Bl Geophysical events: Earth-
quake, volcanic eruption

1,000 | |

Il Meteorological events:
Tropical storm, winter storm,
severe weather, hail, tornado,
local storm

Bl Hydrological events: Storm
surge, river flood, flash flood,
mass movement (landslide)

Il Climatological events: Heat-
wave, cold wave, wildfire,
drought
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Is WMO interested in space weather ?

Space weather affects meteorological activities
Impact on meteorological satellites (90% of observ)

Impact on radio-communications used in daily
operations

Coupling between ionosphere and neutral
atmosphere

Potential impact on climate

User or active player ?

WMO priorities (2012-2015 Strategic Plan)
Global Framework for Climate Services
Disaster Risk Reduction
Integration of global observing and information systems
Aeronautical Meteorology
Capacity development
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Can WMO help space weather ? (1)

To evolve towards fully operational scale
Permanent, sustainable, quality-controlled services
Delivered to a global audience

Globally coordinated within intergovernmental
commitments

WMO'’s 60-year experience in operational E-GVAP netork

coordination of observation, data exchange, |
forecasting, warning :

Global Telecommunication System,
WMO Information System...

Best practices

Dual use of some observations (GNSS)
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Can WMO help space weather ? (2)

Key application sectors interested in WMO taking an
active role to allow integration of services

Global aviation (ICAO-WMO)

Emergency management
(Multi-hazard warning)

Probably others
Energy, ground transportation, off-shore...
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Decisions by WMO Executive Council and Congress

>

In 2008 the Executive Council agreed to set up a an
expert team for initial activities in cooperation with ISES,

ICAO, ITU, UN (COPUOS)

In 2011 WMO Members (WMO Congress) confirmed the
decision to engage in « international coordination of
operational Space Weather observation, products and
services, in particular to protect against global space
weather hazards ».
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WMOQO's activities
In Space Weather

Boulder, 8-11 April 2014
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Inter-Programme Coordination Team
on Space Weather (ICTSW)

Currently 23 countries

Australia, Belgium, Brazil, Canada, China,
Ethiopia, Finland, France, Germany, Italy,
Japan, Norway, Pakistan, Rep. Korea,
Russian Federation, South Africa, Spain,
Switzerland, Thailand, United Kingdom,
USA

7 international organizations

ESA, ISES, EU/JRC, ICAO, ITU,
UN-OOSA, WMO

Co-chairs
Terrance Onsager (USA)
Xiaoxin Zhang (China)
Governance
Commission for Basic Systems
Commission for Aeronautical Meteorology
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Information chain

ICTSW intended activity areas

Outreach and education

Services

Products

Data exchange/
data management

Observations

Requirements

<



ICTSW activities / Space weather observations

Review observation requirements and capabillities
Requirements database
Inventory of space-based observing capabilities
Statement of guidance (observation gaps and
priorities)

Advocacy for continuous key space weather observations

WMO Implementation Plan for Global Observing
Systems

Mobilizing CGMS

Acknowledged in radio-frequency management
discussions

Not yet addressed

Interoperability (harmonizing measurement specifications, inter-
comparison and calibration)
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Rolling Review of (observation) Requirements .
OSCAR database (http://www.wmo.int/oscar/)

observation
requirements
and capabillities

>500 satellites
>800 instruments

Note: the Space
Weather part of the
database is still under

construction and review
|

Imen

Instrument: MHS « »

Instrument details

Acronym MHS
Full name Microwave Humidity Sounding

Type of Inst t | O7. M sounding radiomet

SurveyMonkey - My S... ! Portail Orange

stradk scanning

Purpose Humidity sounding in almost all- th ditions. Also precipif
rate
Short description S-channels, 183 GHz band [see detailed characteristics below]

Background
sounding inst

Replacing AMSU-B on NOAA 15/16/17. MHS is part of the ATOVS
d TIROS O tional Vertical

it suite (Ad
Sounder)

Scanning Technique  Cross-track: 90 steps of 16 km s.5.p., awath 2180 km - Along-tradc: one

16-km line every 8/3 s

Resolution 16 km IFOV
Cowverage / Cycle Nearglobal coverage twice/day
Mass 63 kg Power 3w Data

Providing Agency. EUMETSAT
Utilization Period: 2005-2021
Last update: 2012-09-07

Detailed characteristics

Certral frequency (GHz]  Bandwidth Polarisation NEAT

(MHz)

89.0 2800 v 022K
157.0 2800 v 038K
1833130 2000 H 042K
1833110 1000 H 057 K

Rate 3.9 kbps

apace | Dt for
R e p OS ito ry Of C O www.wmo-sat.info/o

iLogin () Space Programme ﬂ WMO OSCAR Observi... [ CBS g Google

Quick Search... pol

Satellites this instrument is flying on

Note: a red tag indicates satellites no longer operational, 2 green tag indicates operational satellites, a
hlue tag indicates future satellites

[~ EUMETSAT Polar System
MetOp-A
MetOp-B
MetOp-C
|- National Oceanic and Atmospheric Administration - Sth generation
v NOAA-18
NOAA-19

Contribution to Space Capabilities

The instrument contributes to the following Capabilities, as identified in the "Vision for the GOS in 2025"
and the Impl tation Plan forthe Evolution of Global Observing Systems:

= MUYt ture/humidity sounding from LEO

Tentative Evaluation of Measurements

The following list indicates which measurements can typically be retriieved from this category of instrument.
Tosee a full Gap Analysis by Variable, click on the respective variable.

Note: tahle can he sored by clicking on the column headers.

Variable Relevance for measuringthis ~ Operational Processing maturity
Variable Limitations
Specific humidity 2-High Coarse vertical Consolidated
resolution methadalogy
[id itation intensity at Medi Highly indirect Heavily model-

surface (liquid or solid)

Cloud ice effective ful Highly indirect
radius

dependent

Heavily model-
dependent

Boulder, 8-11 April 2014
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OSCAR database (http://www.wmo.int/oscar/)

Measurement Timeline for Solar EUV flux
Definition:

Integrated EUV flux over the solar disk

Filter by Satellite or In 5trument|

EIT S0HO X X X X X
s socss o xx ko x ok ko x xxxx

s socex sorw 0 e
Suvi GOES-R 1370 A A x X X X x X x A x A

SUvl GOEST 1370 X X X X x A x A x A x
SEM/XRS GOES-14 10550 -------

s cocss o I e e [

s socsu o xoxxxx o x x
soesa @ ~w [ I N

Suvi GOES-5 75 x X X X X X x X x X x X

Suwvi GOES-U 755 X x
SHEUV EY-4AC B6.5°E H X x X x X

SHEUWV EY-4E B6.5°E x X
SXEUV FY-4B 105°E X X X X X X X X

SKEUV FY-40 105°E X A x A x
SECCHIEUVI STEREQ (2 sats] ({)) . 23.44° X X X b4 X

EuUl 3-fair Solar Orbiter 25°% X X H K X X X X

AlA 3-fair SD0 285* H x x X H H

bea [BN] ewosse osows [N NN MR

SWwap 3-fair PROBA-2 06:00 asc X A A x X X

/‘\’
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http://www.wmo.int/oscar/

ICTSW activities / Space weather data exchange

Use of WIS for space weather data and metadata
Registration of initial set of products in WIS catalogue

Space weather centres becoming WIS Data Collection
or Production Centre (DCPC)

NICT (proposed by Japan)

Data format evaluation
RINEX/GTEX/IONEX, GNSS-RO data, ISES formats

Not yet addressed:
Review WMO metadata profile (ISO 19115)

Boulder, 8-11 April 2014 21



ICTSW activities / space weather products and services

Space Weather product portal
To inform potential users and demonstrate product availability
40 « product collections » in 10 product categories

Civil aviation : response to new ICAO requirements
Extension of the meteorological information coordinated by WMO

Disaster risk management

Space weather increasingly recognized
In national risk registers

Working on « best practices » for
severe space weather warnings

Other applications and services (GIC, GPS..):
still to be addressed

Boulder, 8-11 April 2014 22


http://www.wmo-sat.info/product-access-guide/theme/space-weather
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Coordination Group for Meteorological

Satellites (created in 1972)
CGMS

Satellite agencies (operational or R&D) operating
weather/climate/oceanographic missions in support of
WMO or UNESCO/IOC programmes, + WMO, I0C

CMA, CNES, CNSA, ESA, EUMETSAT, IMD, JAXA, JMA, KMA,
NASA, NOAA, Roscosmos, Roshydromet

Scope:
Exchange technical information

Harmonization of mission parameters for
Interoperability (standards, best practices)

Continuity, complementarity, mutual back-up, through
cooperative mission planning
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* CGMS and Space Weather
CGMS

Many meteorological missions of CGMS Members are
flying space weather payload

CGMS is considering to play an active role to support
continuity and integration of space-based observations for
operational Space Weather products and services.

Technical harmonization
Cooperative mission planning to ensure continuity

Proposal to be discussed next May
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Expected benefits of WMO’s involvement

WMQO's experience and procedures (observation,
Information, warning systems) enable leveraging the
technical coordination initiated by ISES

&1 SES
YRS Licmatonal space

WMO intergovernmental framework will facilitate
international commitments by Members for long-
term provision of services

Integration/synergy can develop with meteorological
Information delivered to key users (Aviation,
emergency managers, energy production and
transport..)
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Perspectives

Complementary international initiatives
ISES, COSPAR, ILWS, CGMS, UN COPUOS

ICTSW initial activities demonstrate relevance and usefulness of
the WMO framework to enhance and coordinate operational
space weather activities

Real breakthrough requires more focused action
Long term continuity/interoperability of key observations
Best practices for severe event warnings
Space weather scales and forecast verification
Data sharing policy and protocols
Aviation and other applications

Stronger involvement of WMO in space weather will be
discussed at upcoming Council and Congress
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Thank you !



ICTSW Terms of Reference

Inter-Programme Coordination Team on Space Weather

Integration of Space Weather observations, through review of space-
and surface-based observation requirements, harmonization of sensor
specifications, monitoring plans for Space Weather observation;

Standardization and enhancement of Space Weather data exchange
and delivery through the WMO Information System (WIS);

Harmonized definition of end-products and services, including e.g.
guality assurance guidelines and emergency warning procedures, in
interaction with aviation and other major application sectors;

Encouraging the dialogue between the research and operational
Space Weather communities.
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Draft CGMS objectives for Space Weather

to support continuity and integration of space-based observations
CGMS for operational Space Weather products and services.

Keeping abreast of major user interests for operational Space Weather
products and services and the related requirements that can be addressed by
CGMS Members;

Evaluating existing operational products and services in support of spacecraft
operations, and recommending additional services as appropriate;

Encouraging Space Weather monitoring missions either through dedicated
satellites or through hosting space weather payloads aboard weather and
climate monitoring satellites as technically appropriate;

Supporting when relevant the dual use of sensors such as GNSS radio-
occultation receivers that provide essential information for weather/climate
and ionosphere;

Fostering orbit coordination, sensor calibration and harmonization of
operational sensors and data formats with a view to ensure interoperability
and data consistency;

Reporting on spacecraft anomalies and sharing the results of analyses;

Pursuing global coordination of the operational Space Weather observing
constellation, with a view to help to sustain future observing capabilities as
done for terrestrial weather

Encouraging complementarity, compatibility and possible mutual back-up in
the event of system failure through cooperative mission planning,

Col.:mm icat] n socio-economic benefits of space weather prediction with
po IC)II érfﬁ%l%g%@%aﬁlic, non technical community. Q
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WMO OMM

Geostationary component
« VIS/IR imagery

* IR hyperspectral
 Lightning imagers

Core sun-synchronous component

imagery and sounding

Artemoon Crbike

Moiming Orbits

. ‘ m"i;( }i/ =

sed global observing system

— R

p Ds s~

Other missions/orbits:

MW imagery

Altimetry, scatterometry
Radio-occultation

Global Precipitation

Atmospheric composition

Earth Radiation Budget
Multi-directional viewing IR imager

Space weather (Solar, particles, space
environment)
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WMO'interest in Space Weather (1)

WMO OMM

Space Weather affects meteorological / climate activities

Impact on radio-communications
Impact on meteorological satellites
Effect on climate to be further investigated

Coupling between ionosphere and neutral atmosphere
models
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